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Abstract 
Silicene has been recently synthesized in the form of nanoribbons on the anisotropic Ag (110) surface. The effects of disorder on 
silicene nanoribbons are expected to exhibit remarkable properties in the form of nanostructures. It has been found that the 
electronic structures of the doped zigzag silicene nanoribbons (ZSiNRs) are different from those of pristine ZSiNRs. In this 
paper, we study the spin dependent electron conductance of ZSiNRs substitutionally doped with Boron/Nitrogen (B/N) atoms by 
using Green's Function method based on Tight Binding approximation and Landauer-Buttiker formalism. B/N atoms place on 
different sites of ZSiNRs from edge to center. The B/N atoms have influence on spin dependent transport. Also, conductance 
varies with the position of B/N atoms. Our findings are comparable with recent DFT calculations. These doping effects can be 
used to design novel spintronic devices. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1.   Introduction 
     Formed of a graphene-like single layer of silicon atoms in a two-dimensional (2D) hexagonal network, 
silicene has lately attracted lots of attention. It has been reported that silicene can be synthesized on the silver (111), 
Iridium(111) and zirconium diboride substrates in the form of both sheets and nanoribbons, Aufray et al. (2010), 
Feng et al. (2012). A noticeable advantage of silicene over graphene is its ability to fit well into silicon-based 
electronic industry which originates from its buckled nature, Liu et al. (2011). This corrugated structure creates a 
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large spin-orbit coupling (SOC) that opens a higher band gap compared with graphene, Liu et al.  (2011), Takeda 
(1994). Indeed, silicene is a good candidate for future spintronic devices. 
     There has been always a motivation for studying the effects of disorders on crystals. because various types of 
defects are intrinsically found in their structure, especially in 2D ones, Peng et al. (2013).The effects of different 
kinds of defect including vacancies, dopants (Aluminium. phosphorus, Boron and Nitrogen), Stone-Wales defect, 
etc., has been reported on silicene nanoribbons by using density functional theory (DFT) calculations, Ma et al. 
(2014), Sivek et al. (2013) Zha et al. (2015). 
     In this paper, our aim is to study the spin dependent electron conductance of zigzag silicene nanoribbons 
(ZSiNRs) substitutionally doped with Boron/Nitrogen (B/N) atoms by using Green's function method based on tight 
binding approximation and Landauer-Buttiker formalism. In order to exactly analyze the effects of substitution of a 
Boron atom instead of a silicon (Si) atom on the electronic transport properties of ZSiNRs, we should consider all 
possible configurations of the Boron and Nitrogen substitution, such as the variation in position of Boron and 
Nitrogen atoms throughout the nanoribbon width. It is found that the transport properties depend on the position of   
B and N atoms in the nanoribbon width. Additionally, we show that the zigzag silicene nanoribbons can act as a spin 
filter in the presence of B/N impurity.  
     The paper is organized as follows. In Sec.2 we explain the theoretical model that is based on Green’s function 
method. Sec.3 consists of the results of our calculations on different sites of nanoribbon and finally Section 4 
presents the summary and conclusion. 
 
2.  Model and Method 
 
     We assume that a zigzag silicene nanoribbon consists of two semi-infinite left and right leads connected to the 
central channel as a conductor (see fig. 1). The ferromagnetic insulator is deposed on central channel in order to 
induce spin resolved transport. The exchange magnetic field induced by the ferromagnetic insulator is assumed to be 
perpendicular to the nanoribbon. We characterize each silicene nanoribbon part by a tight binding model with one S  electron per atom. The Hamiltonian can be written as, Ezawa (2012).  
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      Here ߝ௜  and 1.6 eVt   are the onsite energy and the hopping energy between the nearest neighbours.
† ( )i ic cD D creates (annihilates) an electron with spin ߙ at site i, ,i j ! and  ,i j !!  denote  the summation over the 
nearest and next-nearest neighbour hopping sites, respectively. The third term in Eq. (1) is the effective spin-orbit 
coupling with the coefficient 3.9so meVO  . ( , , )x y zV V V V  is the Pauli spin matrix, 1( 1)ijQ    if the next-
nearest neighbouring hopping is clockwise (anticlockwise) with respect to the positive z axis, Ezawa, M. (2012). 
The fourth and fifth terms describe the external electric field dependent on Rashba SOC (with coefficient ߣோଵ)  and 
intrinsic Rashba SOC (with coefficient ߣோଶ), respectively,  Qiao, Z. et.al. (2011). 1( 1)iP     for the A (B) sites that 
are not co-planar, Liu, C.-, C. et.al. (2011) (as shown in Fig.1 with solid green and red circles). ࢊ෡௜௝ ൌ ࢊ௜௝Ȁห݀௜௝ห and 
ࢊ௜௝  is a vector which connects two sites i and j in the same sublattice. Finally, the sixth term is due to the exchange 
magnetic field with the strength M. 
     In order to calculate the spin dependent conductance, retarded (advanced) Green’s function is required. The 
retarded (advanced) Green’s function can be written as, Li and Lu ( 2008),  
 
   
† 1( ) ( ) (( ) ) ,r a C L RG E G E E i I H
V V V VK ª º    6 6¬ ¼                                                                                (2) 
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Fig. 1. Shematice view of the pristine zigzag silicene nanoribbon with right and left leads. The green-coloured numbers represent the position of 
B or N substituents. 
where, ɐ ൌ՛  ՝, ߟ is  the phenomenological broadening  parameter,  ܪ௖  is the Hamiltonian of  the central 
region  (nanoribbon without leads), Vq6   is the  self-energy functions  due to  interaction  with the left and right leads 
(q=L or R). The self energy can be given by .Cq
r
qCqq HgH
 6V The retarded surface Green’s function of the left 
and right leads )( rqg  is calculated numerically by using an iterative scheme proposed in Lopez Sancho, M. P. et.al. 
(1984).After calculating the Green’s function by utilizing Eq. (2), spin dependent transmission coefficient ( )T EV  is 
calculated by,   
 
 
( ) [ ( ) ( )]r aL RT E Tr G E G E
V V V V
V  * *
  
 (3)              
 
 where †( )q q qi
V V V*  6 6  is the spin dependent coupling matrices.Finally the spin dependent conductance of 
device can be obtained by using the Landauer-Büttiker formalism as 
2
( ) ( )
eG E T E
hV V
 ,  Li and Lu (2008).                      
 
3. Results and discussion 
 
      In this section, we use the model described in the previous section to study the influence of Boron and 
Nitrogen impurities on the spin dependent transport of zigzag silicene nanoribbon. For all calculations, the width of 
the nanoribbon is chosen to be N=14, the strength of exchang field is taken to be M=0.1t. since 1RO  and 2RO  in Eq. 
(1) are very small with respect to the other parameters, Ezawa (2012).The Rashba terms in Hamiltonian are 
negligible and  thus we set both terms equal to zero in our numerical calculations. 
 
Fig. 2. Conductance of a B doped  ZSiNR at different positions across the nanoribbon width as a function of the Fermi energy. 
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Fig. 3. Boron doping-dependent conductance of a zigzag silicene nanoribbon as a function of the Fermi energy in the presence of the exchange 
magnetic field with strength M=0.1t at (a) edge of ribbon (position 1); (b) center of ribbon (position 7). 
     Now, we investigate the effect of absorption, i.e., the substitution of a single Si atom with a B/N atom and the 
influence of variation in the position of the substituents across the ribbon width on conductance is considered. 
According to DFT calculations, the bond distance݀௦௜ି஻ ൌ ͳǤͻ͵ܣל, while the bond length of Nitrogen dopant is 
݀௦௜ିே ൌ ͳǤͺͲܣל  which are shorter than the intrinsic Si-Si bond lengths, Sivek et al. (2013). In order to obtain the 
hopping parameters related to the substituents, we use the scaling form of the tight-binding hopping integrals, 
Harrison (1980). In addition, the proper on-site energies are given  ߝ஻ ൌ െ͸Ǥʹͳܸ݁  and  ߝே ൌ െͷǤ͸Ͷܸ݁  by Sivek  
et al. (2013).In the absence of the exchange magnetic field, the conductance of a single B doped ZSiNR at different 
positions across the nanoribbon width is clearly demonstrated as a function of the Fermi energy in fig. 2. It is 
observed that the conductance changes with the position of B impurity. When the B dopant is placed at the edge of 
ZSiNR, it shows a conductance concavity at energy 0.37E t  . In this case, due to the presence of the Boron atom in 
one of the ribbon edges, charge exchange occurs between the B dopant and the ribbon atoms and it induces the 
energy levels in the vicinity of the valence band. So, this case of Boron doped ZSiNR will act as an acceptor or p-
type semiconducting state. Moving from the edge to the center along the nanoribbon width, conductance concavity 
moves to the right side of the conductance graph i.e. the system is turned to the n-type state.  
     Figure 3 shows the spin dependent conductance of a B doped ZSiNR as a function of the Fermi energy with 
the exchange magnetic field strength M=0.1t. In the presence of  Boron substituent at position 1 (as shown in fig. 
3a), considerable spin splitting occurs in some Fermi energies. In ܧ௙ ൌ െͲǤͶͷݐ only spin-up electrons and in the 
later one ሺܧ௙ ൌ െͲǤʹ͹ݐሻ only spin-down electrons can pass through the system. Therefore the system can be used 
as a perfect spin filter for both up-spin and down-spin which is in contrast to the case that there is no impurity i.e., 
no spin filter behavior is maintained in the absence of B atom. Also, as we can see in fig. 3b, in the presence of  B 
impurity, the spin filter behaviour can take place, regardless of the position of the Boron e.g. at position 7. In 
addition, B doped ZSiNR exhibit both acceptor and donor characters same as in the absence of the exchange 
magnetic field. 
     In another attempt, we study the effect of a single Nitrogen doping on conductance of ZSiNRs. Fig. 4a 
displays the conductance of a ZSiNR with a Nitrogen substituent at different sites across the nanoribbon width as a 
function of the Fermi energy in the absence of the exchange magnetic field. We see a conductance concavity at Ef=-
0.3t and an acceptor character when the dopant is placed at the edge. Moving toward the center of ribbon width, 
ZSiNR becomes completely metallic similar to undoped one. Only, there  is  a  sharp conductance dip close  to  the  
first  subband  edges that is related to  the  Van Hove singularities of pristine ribbons, Li and Lu (2008). This feature 
indicates that the ZSiNR with N substituent at edge, behaves as a p-type semiconductor.  
     The spin dependent conductance of a Nitrogen doped zigzag silicene nanoribbon as a function of the Fermi 
energy with the exchange magnetic field strength M=0.1t is shown in Fig.4b. Here, same as fig. 3a, Nitrogen doped  
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Nanoribbons can act as a perfect spin filter for both spin up and spin down electrons.because in ܧ௙ ൌ
െͲǤͶͺݐelectrons with only 'spin up' and in  ܧ௙ ൌ െͲǤͳͺݐelectrons with only 'spin down' are  able  to travel through 
the system. Also, the ZSiNR with Nitrogen substituent can be used as a p-type semiconductor. 
 
         
Fig. 4. (a)Conductance of a ZSiNR with a single Nitrogen dopant at different sites across the nanoribbon width as a function of the Fermi energy; 
(b) The spin dependent conductance of a single N doped ZSiNR as a function of the Fermi energy with  M=0.1t. 
4. Conclusion 
     Using Green's function method, we have studied electronic and spin dependent transport properties of a zigzag 
silicene nanoribbon in the presence of Boron and Nitrogen impurity. Our results indicate that the conductance 
depends on the position of B/N impurity across the ribbon width. In the case of Boron doping, the system exhibits p-
type and n-type semiconducting behavior by moving from the edge to the center along the width of nanoribbon, 
respectively. In the case of Nitrogen doping, the system shows p-type semiconducting behavior when the impurity is 
placed at the edge. Also, we have shown that the silicene nanoribbon can act as a perfect spin filter or spin polarizer 
for both up and down spins when the B/N impurity is present. These results can be useful for designing future p-type 
or n-type semiconductors. 
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